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[IS^^ 1 ] 

y y K-y°M, pMtfzii nM(Dm 1 S 

<b 4' ^ §%itm 

^ (T>^itM ± i /:: {i i)^hti: nM<r> ^ -fhX^^t^ 

fmx^xmt. 

xtzm 1 X 'oxmtnLfzmi^z±$^§titm<^^±mmizn Lxmm 

[lf^3S2 1 

m^m 1 i^tm<D^mimitmx-x>m^:f^-mzio\.^x. 

x$mytm^mmxixnx>mi<z^ ±ie^i :z<r>^\(D^mw^m. 

± t ^'4-mttz ammm xn 

[mM'^3] 

m^mi:o 

IIS^:^4 1 

xmm 2 tf y 4r '> ^ O -Cffy^i- ^ c i: t i- -5. Xmit- 

[Ih^^ 5 ] 

$mm2 . 

±fSp 1X1 0 c m-H:Ui 1X1 0 c m‘Hj.T<7)^ -V 0 Tit® ^ 

^L> A 1 X G a i-x A s ® (/iiZ-fL, 0. 5^x^ 

0. 7x^^o ) ^^iszti!\mtxi>xmi¥§%itmx-x>m^:f7mo 

m^me] 

%n^M2 l<ZtlMX>^i^i^^^^X-cr>m^7f}HzX^^X . 

±fSp S<7)iti2gl^g(i, 1X1 0 c m-H:Jl± 1 X 1 0 c m'H:iLTO 'J Tit®^ 
WL. Xti^itmx>§t^'i&miznLxmm^^ (AUGai-v) zl m-zP® (fz/zt. 0 

^y^i. o^z^i-e^^o) i^tsz 

[l«5tt]® 7 ] 

%%^m2 kzuwL‘D^mw^itmxx>W:m.-)imx^io\.^x . 

±lEpMO^##:®OJt$>0^'3 /u m\:xxxhh Z t ^W^tX^XmiX^AitmX^fDm^ 
X5'{ko 

[It^^ 8 ] 

G a pmu<z>—Xfx>mxiiZ^mtfzms.^mxh^j:^^itmtmici^mumt:^^z(DmAz 
mm^ti. ±iEG a pmuisxz/m^nmmmiixm^itmx>^tft-&^izMLxmM^z^j: 

±fSG a 1 x>nmi)n^xhiih—Xj. 

[If ^3l 9 ] 

m^ms G a pmutM^mtfzmKWim:^^h^^^^yt 

mx>m^zG a Pm-/)^^<0. C<?)GaP®(±Ga P ^WitmLX^^ Z> Z ti'WWtX 
w^itmxo 
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[0 0 0 1 1 

[wwMm] 

[0 0 0 2 ] 

K (LED) :/)^ru< •Itl h 'f t - V HM^I^X ^ t 

tnLMmizj:-^x^t^o Z(D^ -tb±m>oiiiLmmiimj-m^izi^^ <mw^tL^o 
[0 0 0 3] 

i-- Fx(i§i±fMMizKtLxmm’^^'MU^m^^^z t ^) aiLmm^f^± 
zt^SS^t LTtf^^tL-Cv^^o 

o as mit LX mn^j: ^ « v ^ i# n 
< 4 'ZXDinm^^h n^X Z tt)^X^ i>ii-hX^^o tfz. Tffit* 

ZCDlJ-mH nCaA 

s F 'i A 1 G a A s 

^fe> + - K\ G a A s p ^ t - k\ g 

a p 'f X - F^izmm^tix^^i>o 

[ 0 0 0 4 ] 

A 1 G a I n P^.(T>^±V^ KT'^o <7) 

Lxi±. [eiio (a) ^^-mm^zMLxypmm^^ n 

MG a A s mm. 1 1 0 ±t;. n 112, ^^tm 1 1 4 , p 116=^ 

Z CO±lZ^it-i^mLtt LXM^M^^ P MG a P 1 2 0 

m^^xm-Mm^mirz tizx -ox pM^mit^m I i e tm.mm'^L. mio 

(b) 9 13, ±|EnMG a A s 1 1 0 

(1?iJx(i\ #fF^Ml 2 3 0 6 3 8-^B^|g») #0S„ ) „ 

[ 0 0 0 5 ] 

tfz. LX. lai i (a) Lxr-mm^^ n 

MG a.A s mm2 1 0_ht3, n M^ifM 2 12, Ig^lf 214, p M###^ 2 1 6 iB 
ct XfW- $50;«m-l 00;« p S G a P my^fEtet^S 2 1 S^J-tT^^v-v 

L, ^v^Td 11 (b) (3^-Tct ^ (C, ±|SnMG a A smm2 1 0 d 1 

1 (c) ^z^.XXdlz. oTSas L7t:®H pMG a P^,^S2 2 0 

XBMM^MX Z tLX-oX n M^^j##;® 212 tW.mm^X a v> ^ laviT^^'^G tiTV' 
^ (^JxJi', #ltl^M2 (#Pi¥6 - 3 0 2 8 5 1 ^<i^m m^.o ) o is, pMG a P 
2 1 8 (DW-^{i 5 0^ mPXXXiyi, t <y zc./s^mV) m.0 ^izmtl^X <,10 
0 ;« mLL±-e^^ afiStfi0#P^7)^'*< 4' 0l§^r4 :t- Kc7)nx h7)^'^< X^X. ffZ 
ftB#r^aG aA s L fz^^X> ^ t L> . 5 0 ju m~~ 

10 0^ 

[0 0 0 6] 

^L^z. gijoMitiafta LT, di2 (a) izjf^xxd^z. LxxGmn^j: 

n M G a A s SIS 310±13, pMGaAs^s-y7r®311, pMAlGaAs mfXt 
tS® 3 12, p M ^ 7 y K® 3 1 3 , -®14® 314, n M 7 7 y K® , n M>P P^® 3 1 6 
, nMGaP®3 17^j:-tf:S^'>-V )\'f&-^ L, |^v^Tdl2 (b) -tX> 

±(3 nMG a PSIS3 1 8 L, ±|EnMG a A s S« 3 1 0 ^^^X^ 

a mXiX. {!Wm2 O O o - 1 9 6 1 3 

#BBo ) o 

[0 0 0 7] 

L/^'L, ±jz!io:avi'e{±, ig^g (i yativsti®) pmmmi 20 , 220 ^ 
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18,31 2 ^iz^ttifzZ n . M g %co p S K-/^“ > h 
fzib. n pSk-/n°> 

) ^zirntx. i*igi5iT-?5!)^^^'fg;TL> 

G a A A 1 Ga I X 

- Kt"{±. L'CitH^^'PS — A 1 X G ai-x A s (0. 5^x 

^ 1 ) Cl<7)AlxGai-xAs (0. 5^x^l) \H{zii\.^X Z n. Mg 

[0 0 0 81 

tfz. ±ie p 2 18, 3 1 2(±. m(Dmi)^W/u rn\^lT(Dm^iZf&^^n^ 

(DhziiLX. BEizHo J: p 1 0 // mi:i±o/p$ ^ 

o 

1 1 mvfm 3 2 3 0 6 3 8 ^-mmm 

2 1 6-302857 -^'Sz^ 

[# 31 2000-196139 

I 0 0 0 9 1 

§titm ^<Dx>mv-^^y 

Lxmmm^mmx'^. tfz. 

[0 0 1 01 

/> k-7°m. m^^pmtfzii nmx>m I x>^mi^^u±iz^mtfziimmm<D^mit^ 

- 5 > f§7lc® ^ '1' - 5 > X^S <h ^ 

-? r < D^itm ± t fz urnwum g ^ ^ n ^ x ^ nm t , 

±iE n x>mm (ixieig^g iznLxmm^^m2 (D^mwmu ^ 

xof^xis^i 

±.%zm 1 j: oTsm Lfzmiz±$imitm<7:>^it'&miznLxmn 

[0 0 1 1 1 

4'i3. mi r^gv^psj tit. §t±m (ttzm^itm) ^(Dpmv-^-^ 

[00121 

z<DmMx>mm^^itmxx>mMumiz xtu£. ii^hoxtic, ^ti^nz(D^±m 

m^n^o Lfc^'oT. mxc 

{^mizMLxxmm^j:mu^m^^fzm^izitLx±mniiiLW^^Mt ttz. ^itm 
l-pgy^^S^pMm?)iLlJ£t^:^^fxX^v^coX\ ]^S®taB#cOpM K-/-?^ hco^it 

m 1 X -oxmiuLfzmzm^ii 

mmm^mftzLx^^^<DX\ mi'^^miz. mmm^m^z(Dmift^^mmmizx^xiitWL^tix 
. tfz:^^oX. Ztlh<D^tm 

. #^#:|l7fe^X-<7)#1475^'[6]±LT, tfz. Z(T>m^X>m-mW^^it 

^^<7)$^ltT7v£X'{i, ^lxtt^VM7)t:\ x. X v -v 

Xb^o Lfzii^'^X. >T-X < X'^ . t t ii 

iZ^^\^^\n]X^-tt^Z t-/)^X^ 

[00131 
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[0014] 

If L < {i. 

y>K--/s> z(Dmi 

t tz immm i*#;® 

-eco p t 

^<7:>§titm±izM^mtfzummm^^h^j:^ nm<7^ ^ -t^xmt. 

±$Em 1 X ^xm& Ltzm\z±.%^^itm<D^^iti^mznLxm^ 

4' ^ i> 1^1 W0L t-tho 

[0015] 

z(D-^mfm<D^mi^^itm^(^m^-^mizxtu£\ ^timz(D 

^i)^i'?m^ti^o L±7)^'oT, ^±c7)±ffij3 J: 

. mit'mmt<ztiLxr^mm^j:&^^m^^tzi§^^izitLxi/tm^ thLnrn-^^mt i>o ttz. 

mi<^^mitmwL‘z>Wii:\zX'oxmx>LfzM^z'Mit\inmm^f^ 

^LTV'SO-e. i!lfpB#t;. oTj£t^$±-C. ^itm^ 

ii}—KWin.mi.x^^ho Ltzi)^^x. ^hiz^ 

f&-t^M:^m 1 <D^Fmw-£M<^^.^izx^xmiiiLfzm. ot 

xmmy^mi^^^mx'(Dmj±mr^4-^ <ir^zti}^x^^o znh<D^^. ± 2 *#^^ 

■h^-oX. <X^. t t i> 

±$±^ Zt:^^X^i>o 

[0016] 

±|E^ 1 C9#ii#:^^S{± G a A s m&Xi) Lv^o ^ 1 0±ji^2^^^S7!>^'G a A 

s mmx^iux. G a A s i>mm<7)z^mim ^ iM xfzmmm<^^mi^ 

- <h7)^'PltgiC4‘^o 

[0017] 

X fz ^ ±15 (±(AlyGai-y)zIni-zP (±fiL^ 0^y^l^ 0^z^l± 

Lv^o ±|5I&^^75^' (A 1 y G a i-y) z I ni-z 
I§^M 5 50nmT)^G670 n m^,^ilf C <h 7i?PlfgH4' 

-5) o 

[0018] 

±tim2<r>z^mi¥&miG aPmS.X$)Zb<7):^mtL'^^o GaP(± 550nmJ: 
0 ±15112 (0#j»f$:*|K;5^'G a PmUX^tUl 

> ill ^ <!;75^'±'§ 

[0 0 19] 

tfz. limit -<> 'y >y mitm. mit^yv'^ mitmm. t 

fzUmit-^i^^X'y'y Z.(D{XXj: i t i> Lv^o ±15^1^14^®® 

mitm. mit4 yy'y tfziimit-r^'xy'yz.(D{iyf^<t 

i> l'Z>:d-hfj:tU£. nmtlznLX 9 0%\^X±X>MiW^'i^^Z t:f3^X^ L/zy^^'-oX 

[0 0 2 0 ] 
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TMi-^c: <h ^W^tir;bo 
[0 0 2 1 ] 

<t o-Cf:^)^i-^(75t;\ ^2 <7)|| tC 

tC Sx^'C ^ •?) o 
[0 0 2 2 ] 

±um 2 9 ^i^\)v 

iiScgtCct oTlFMi-^- 1: ■^'WWt-Xzbo 
[0 0 2 3] 

■V i o r ffMi- ^ ( 7 )-e. ±|E^ 2 g m<r>m $ 

±fB^2 L;t:;^)^'oT 

. SltXfl * ^ 

t 5^'-C' ^ ^ o 
[0 0 2 4] 

jiiBpSco^jf^^ii, 1 x 1 o^® c m-^ 

m± 1 X 1 o‘® c 0 ±mm^m(D^itmmiznLxmn^j: 
A 1 xG ai-xA s® (/::/iL, 0 . 5^x^0. 7 'C*-5)o ) t -t^o 

[0 0 2 5] 

t<r>^mx<Dmf±f>^T^^\^^ < Lfz-/}^'oxm^x>W]i'^MJ± 

4'is, ±IBpS< 7)^2*#;®I±. ±fSfl^®o||^^^;Rtci4LTii0^^'A 1 
xGai-xAs^ (/cfiL. 0. 5^x^0. IXhho ) Xh^hii-h. 

- 1: (i4'V^o i/2> ±iB p a<7)^2#'f$:l<7)4r -V 0 T/lJ5(± 1 X 1 0 c m'HliL 
Tl: ct ^ X^fz-b^'oX^ - iO p M<7)it^2g#:gcolp$ 

ps K-/^”> i^a^taBtopi!} k-/n“x h(7) 

^itm^<r>^tWii)mm^fizho Ltzi)^-ox. ztLhx> 

[0 0 2 6] 

±IBpM<7)i]ij»l$:^(i. 1 X 1 0'« c m-" 

iil±lXl O'® c m-H:lTcO^-V'J 

(AlvGai-v)zIni-zP^ (fc/cL, O^y^K O^z^l X^ i>o ) ^^tsZt 

[0 0 2 7 ] 

±ispMco#2e#^7{)n x i o 
c m-nj>±(7)^^ 0 Tijis^w-r^o-tx ±IE p 

<h (D^mx<Dmj±mTi'b^ <x^ zt:^^x^. Lfz-/}^^xmi^<7^mi'^mj± 
^i&nx^^o 4' 13. ±iBpMo#i*i^:^(±. ±.%mitm(n^^it\^mznLxmn^£ (a 

lyGai-y)zIni-zP^ (/^/2'L. O^y^l. O^z^l Xh^bo ) it 

IXO tB t {l^v^o tfz. ±IH p <T:>4r -y 0 TitJS(± 1 x 

1 O'® c m-H:iTl: V'T ct T t;±IM75^15:^$lX'Cv^^o Lfzii^^X. >1 co p S« 0 # 2 *l$:)l 

pM k-^n”x b<7)its;^s$ijpi$n-c. i^?^Mast<^p 

wtLG<7)^m. ^mi$-§^itmT-comf^(Di&T^m\X'^ $GU. _h|EpM<^^ 
^#®<^t-4f|-<!; LTA 1 xG ai-xA s {fzfzL. 0. 5^x^0. 7X^^o) 
^lif'&'-tcJt LT. A 1 ai^Jtx < -r^ Cl <h75^'oTHgT'^^o -g-O J: ^ tc A 1 x 

^/p$< < <4'0. t±lEpMO#2»#® 
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[0 0 2 81 
[0 0 2 91 

^(7)pgii pM \'<D^^m^<7y 

<Di&T^mmx^ i>o 
[0 0 3 01 
tfz. 

G a P^lScT)— 77<7)®_hi;#e t t:^^Z<D}m 

±fSG a p&Uisxx/myt\±mmmii±m^itm<^^±m^^znLxmm{z 

^oTlo 0 , 

±IEG a P^~«o1t!l7j<7)®tc^ 1 comiiTj'iSlt Gti^— 

x n izm 2 x>nm-^nxn nx\^^z> z t ir^wm^tx^o 

[0 0 3 1 1 

mti:mitnn.mm. g ^pmu^m^x\^-^(nx\ m^<^±.Mn^ifm'm-f)^hit^WLn\px 
xzti)^xb. LT^^ZO m 

ti>o ttz^ itftBttc. ^ 1 (7)me<t^2 

i oT}£i^$nT. mi?;t755'v±A$n^o 

> ii^14«M^^'«vrL^l£f{c$-tl-^ot:\ o ^ pM K- 

0 /u mmx>m'Miii.wi.m k-/n”> h 

L/ctJ^'oT. j<> f- X > xmM^ 'J''^ j: < X ^ 

t tii ^ t:/}^X'^^o 

[0 0 3 2 1 

t fz . , G a P i; ^ mmm G 4' S l§^® 

co^tlG a PHtJ^'^O . Z(DG ^ PmiiG a PmUtmLX^^^Z t imWctX^o 
[0 0 3 31 

P^llG a P®7jf^ 0 , -<7)G a P^(±G a P^lSUliL-Cv^^60-C\ G a PMXG a Pm 
^X>mx<D^XtJm^^ZX^VF OHimBE) 

[0 0 3 4 1 

±iei§^^{± (A 1 y G ai-y) z I ni -2 P^ (/c/iL. O^y^l, O^z^l X^^ 
o ) X$>^(7y:^mt LV'o ±.U§^itmi}^ (A 1 vG ai-y) z I ni-z PmXi)tUt\ 5 5 0 
nm75'G 6 7 0 n G tL-5> o 

y'y’y mitm. seiti' > v^ais, 

-rr^^'>'7A<7)^'4' < ti, 1 Lv^o 75^'^lt4' 

A, ^Ibf^x ^'fb4' ^ v-^ All, tfzliMit'^XX'>’yz,(7y^'^<tiil'0:^^ 

Genii', 0%i:Ui<7)iij§^^t#^C i:7i'-C-§^o LA'Ti'oT, $ <b 

[l§B^<7)?:l,^l 
[0 0 3 51 

^<7)1: 9 II, z(Dmm<D^mi^^itmiPRrf^(Dm^ym^zxtLi£. ^itm ittzum 
^m) tfz. f&mmmx>j<yx 

< x^^o 

i^m^mmi-^fzib(DM!^x>jfm] 
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[0 0 3 61 
[0 0 3 7] 

im 1 mmmm) 

mi (a) mi (b) 

. mi (c) 

[0 0 3 81 

mi (a) ic^-Tct^n, nsjoc a (m 

1 cojin, T/6'^HiU. nSOG a P + ^ -y 7”g ()?$l;«m) 7. n M 

O (Alo.2Gao.s)o.77lno.23P4'FBT® (i¥$0. 15//m) 6> nM<7) (Alo.7 

Gao. 3) 0.5 I no.sP^^y K® (If $ 1 ,« m) 5 ^ t L~C<D p 

14)14 . pM<D (A 1 0.7 G ao. 3 ) 0.5 I no.s P ^ 7 y K® ()¥$ 1 m) 3 . 

9 ^1i;lTv>^o G a P^«8 (mit^jstt^ 

J^M) 1 LTA u S i 75' 4' ^ n Mmi® 1 1 <b lt^14m® 

^90^® (m 1 U43lt^ Jiffi) LTA U75'‘b4^4^'^^.f >^V'f-7 K 1 

0 tl" lb ^ 1 . "C V ' -2) o 
[0 0 3 91 

mi (c) nMm®ll(i. 'e-ti^'nii;ii3 0 // mcOj:bfcfitl/J'$V'Rlf^ 

tcy'?^->UpX$n, (4 0^|J-C'ii3lf 3^iJ<7)ft9l@) SEg^^-CV' 

^o— mi (b) b t;> X’>T-W K 1 0 i±. ilfll 2 0 ;« mOj:!:^ 

±ffi04>*t; 1 liSEgS^nTV'^o 

[0 0 4 01 

SX'4FF' ?Sit4® 4 (i ^ t-IimxL4i''75^> (Alo.sGao.s) 0.5 I no.5P75'*b4 

- 2 ./^'; rmt. Gain P t 5' b 4 i; LTl#fi5c$ tiTV'^ o 

® <b LT<7)iX#^il&14® 4 t5MA 1 y G a i-y) z I n i-z P (44'L> O^y^l. 0^ 
z^lX'^^o) 75'b4ti{i\ 5 5 0 nmTj'b 6 7 0 n m(7)|i:^r^S75^1#ibn^o 
[0 0 4 1 1 

J: b t: LTl4®i$n^o 

[0 0 4 21 

i) t-f\ m2(c^XJ:dt-> m LTO nSG a A s SIS 1 <0— 

(m 2 (Cioft 4±ffi) <7)±H, pMOG a A s y<y 7 T® ()p$l/^m) 2. pSO 

(A lo.7Gao.3) 0.5 I no.sP^^y K® ()p$ 1 ^ m) 3 > p MOmX^F 4 

, nii!<7) (Alo.7Gao.3)o.5lno.5P^'^"yK® (I?$l/im) 5^ nM<7) (A 1 0 . 
2 Gao.s) 0 . 77 I no.23P4’FBl© (If $0. 15;«m) 6> nM<^GaP4r-vy 7°® (Ip 

$2/zm) 7 4. MOCVD 0 4 

i5> LT(i. MOC VDft(7)HilUMB E I' ^ ^ '>) ft. MOMBE 

( Wit I' mm O fe ^ 4 Wft 75^'fiJ m Dj -e ab ^ o 
[0 0 4 3 1 

-hlE pM<^ (Alo.7Gao.3) o.5lno.5Pr5='7-yK®34^;^$'ii:'2)i:^. 

•y K® 3 <7)b -bG a A s y-^' y 7 r® 2 0 . 1 ju m53'<7)4r-y 0 TjtlSli 2 X 1 

0^® c m-2(;|3:^L. fiX#^ft14® 4 0 . 9 ^ m^c7)4 -y 0 TitJgfi 5 X 

1 0 * ' c m"^ -2>o 

[0 0 4 4 1 

tfz. pM K-y^”> MiliZ n . n M K-/n”> Mcli S i 41JfflX^o 
[0 0 4 5l 

ii) ;^iz. Z<D:\-km<^&m. (7J^yN) 60^ffi4X“'; -y ct 0^ffi^nXL4f^. ^ 

^ R^^1b7tc^^.OJ:.-y y t/::. 

Lr<Dmm^mm-r:'^^ nS<^G a P^.1S8 4ffl^L. COG a P^1S8 0^®4 
® GJ: ^ : li^1l:7K^^^02r..yXX7^'-a£X'yiyLJ^yX>i?'X'5.l5!!;a4^Tbo ^LX 

. 214o^1S (’7J:-/^) 4+55'C:it5&7Rft?^. lE'I^L/wf^. m 3 Hx’t'i b >yjz/\t"n 
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